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Abstract 
We found few studies on the association between maxillary sinus size and 
malocclusion in an electronic search using PubMed. The purpose of this 
study was to investigate maxillary sinus size in different malocclusion 
groups and the association between maxillary sinus size and dentofacial 
morphology by the use of lateral cephalometric radiographs. A total of 120 
lateral cephalograms were used. These radiographs were derived from 
subjects with skeletal class I, class II, and class III malocclusions, classified 
on the basis of the A-N-B angle. Each malocclusion group consisted of 20 
boys and 20 girls ranging in age from 12 to 16 years. Two linear 
measurements and three area measurements were made to evaluate 
maxillary sinus size, and four angular and eight linear measurements were 
made to evaluate dentofacial morphology. Analysis of variance and 
Pearson's correlation analysis were performed for statistical comparison. 
The maxillary sinuses showed no significant differences in size between 
the different classes of skeletal malocclusion or between sexes. However, 
the maxillary sinus measurements were significantly correlated with 
several dentofacial morphological measurements. When formulating an 
orthodontic treatment plan, orthodontists should take into consideration the 
fact that the patients 12 to 16 years old with large cranial bases and 
nasomaxillary complexes tend to have larger maxillary sinuses, but there is 
no significant association between maxillary sinus size and the A-N-B 
angle denoting the sagittal skeletal jaw relationship.  
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Introduction 
 
The maxillary sinus is the largest of the four paranasal sinuses.
1
 Although 
the maxillary sinus is located in the body of the maxilla, its pneumatization 
invades the zygomatic bone during development.
2
 The development of the 
maxillary sinus begins at the ethmoidal infundibulum in the third month of 
fetal life.
3
 The maxillary sinus measured at birth averages 6–8 cm 3, and it 
can be recognized radiographically in a standard anteroposterior view by 5 
months after birth.
2
 After birth, the maxillary sinus continues to extend 
both laterally and inferiorly during the rapid growth periods from birth to 3 
years of age and from 7 to 12 years of age.
2
 The subsequent inferior growth 
of the maxillary sinus is related to its invasion of the alveolar process 
following the eruption of permanent teeth, thus finally extending 4 to 5 mm 
inferiorly to the nasal floor.
3
 The invasion of the maxillary posterior teeth 
due to the inferior growth of the maxillary sinus may influence orthodontic 
treatment planning for malocclusion cases.
4
 The absence of the maxillary 
first molars over a long period of time may make the maxillary sinus 
invade the alveolar process of the missing site more inferiorly, thus 
impeding the protrusion of the maxillary second molars as a result of the 
contact of the cortical bone of the maxillary sinus floor with their roots. 
Among the paranasal sinuses, the maxillary sinus plays an important role in 
the formation of facial contours.
5,6
 In recent years, a mini-implant, used as 
a maxillary molar anchorage unit, is placed in the interalveolar septum 
between the maxillary second premolars and the first molars from the 
buccal side.
7
 The morphological evaluation of the maxillary sinus is 
necessary to deal with problems such as injury to the tooth roots and 
perforation of the sinus.
4,8
 Therefore, knowledge of the development and 
size of the maxillary sinus may be crucial for diagnosing and treating 
various cases of malocclusion.  
  The size of the maxillary sinus depends particularly on an individual's 
age.
5,9
 Jun et al.
5
 found that the development of the maxillary sinus 
continued up until the third decade in males and the second decade in 
females, and thereafter its size decreased. Some investigators have reported 
no significant difference in size between maxillary sinuses on the left and 
right sides.
1,9
 Some studies have reported sex differences in the size of the 
maxillary sinus,
1,5
 whereas others have reported no statistically significant 
differences between the sexes.
9,10
  
  We found very few studies on the association between maxillary sinus 
size and malocclusion in a PubMed search in February 2009 with the 
search terms “maxillary sinus” and “malocclusion.” Oktay10 found that 
malocclusion and sex factors had no effect on the size of the maxillary 
sinus, and that sex was a significant factor only in angle class II 
malocclusion subjects. Basdra et al.
11
 found by a detailed assessment of a 
patient with mandibular asymmetry caused by changes in maxillary sinus 
areas that the maxillary sinus size influences facial development and 
orthodontic/orthognathic treatment planning.  
 Koppe et al.
12
 measured the maxillary sinus volume and facial skeleton of 
adult skulls without a cleft or with an untreated bilateral cleft and showed 
that bigger skulls tended to possess larger maxillary sinuses, and that the 
cleft skull had a more developed set of paranasal sinuses than the normal 
skulls. Robinson et al.
13
 reported found no differences in maxillary sinus 
size between cleft patients and normal populations. Suzuki et al.
14
 reported 
no statistically significant difference in area between cleft-side and 
non-cleft-side maxillary sinuses in patients with a unilateral cleft. 
  The procedures for measuring the maxillary sinuses have improved with 
advances in medical techniques. Many studies have measured the growth 
and development of the maxillary sinus using cadaveric skulls,
15
 dry 
skulls,
12
 panoramic radiographs,
10
 computed tomography (CT) 
images,
1,5,11,12,14
 and magnetic resonance imaging (MRI) scans.
9
 In 
orthodontic dentistry, cephalograms have been most commonly used for 
diagnosis and evaluation of treatment outcome. Very few cephalometric 
studies on maxillary sinuses were found in a PubMed search. Robinson et 
al.
13
 investigated maxillary sinus development in patients with cleft palates 
using cephalograms. 
  The purpose of this study was to investigate maxillary sinus size in 
different angle malocclusion classes and the association between the 
maxillary sinus size and dentofacial morphology on lateral cephalograms. 
 
Materials and methods 
 
A total of 120 cephalometric radiographs were used in this study. All 
cephalograms were taken with the same cephalostat and with standardized 
settings. The cephalograms were from Japanese subjects with different 
classes of skeletal malocclusion who were retrospectively selected from 
orthodontic patients at our clinics in The Nippon Dental University Niigata 
Hospital (Niigata, Japan). They fell into any one of three skeletal 
malocclusion classes, skeletal class I, class II, or class III, and met the 
selection criteria for cephalograms described later. Skeletal types were 
assessed cephalometrically on the basis of the A-N-B angle: skeletal class I, 
from 1.2° to 5.4° for males and from 0.9° to 4.3° for females; skeletal class 
II, >5.4° for males and >4.3° for females; and skeletal class III, <1.2° for 
males and <0.9° for females. These divisions were made on the basis of a 
study by a group of dentists affiliated with the Japanese Society of 
Pediatric Dentistry, who reported that the Japanese norms for the A-N-B 
angle were 3.3° (SD = 2.1°) for males and 2.6° (SD = 1.7°) for emales.
16
 In 
the present study, each skeletal malocclusion group consisted of 20 boys 
and 20 girls. Mean ages and SDs of the subjects are shown in Table 1. 
Two-way analysis of variance (ANOVA) revealed no significant 
differences in mean age between sexes (P = 0.82) or between skeletal 
malocclusion groups (P = 0.20), and no significant interaction between the 
two variables (P = 0.86). The selection criteria for the cephalograms were 
(1) fully erupted permanent dentition with only the third molars being 
absent; (2) patient age between 12 and 16 years; (3) no tooth agenesis or 
extractions; (4) no maxillary sinus pathology such as inflammation, 
mucous cysts or cysts of tumors; (5) no craniofacial anomalies; (6) little or 
no facial asymmetry; and (7) no previous orthodontic treatment. 
Supplementary intraoral photographs, study models, and 
orthopantomograms were used to exclude subjects who did not fulfill these 
selection criteria. 
 
Cephalometric analysis 
 
Lateral cephalograms of the subjects were traced and measured by a single 
investigator (R.A.). The right and left sinuses were distinguished, and 
tracing was carefully done of the left side. The outline of the maxillary 
sinus on the left side is positioned more posteriorly than that on the right 
side in a subject with facial symmetry, as the lateral cephalograms were 
taken with the subjects turned to the right. Nineteen reference points were 
selected and marked for the evaluation of maxillary sinus size and 
dentofacial morphology (Table 2), and rectangular coordinates were 
manually drawn on each sheet of tracing paper (Fig. 1). The rectangular 
coordinates, with the x axis parallel to the Frankfort horizontal plane 
(Pr-Or) and the y axis perpendicular to the Frankfort horizontal plane 
through the sella, were used for maxillary sinus measurement.  
  For cephalometric evaluation of the maxillary sinus size, two linear 
measurements were made with digital calipers, and three area 
measurements were made with Scion Image software (Scion, Frederick, 
MD, USA; Table 2) on a computer system. Four angular and eight linear 
measurements selected for quantitative cephalometric evaluation of 
dentofacial morphology were made with WinCeph analysis software (Rise, 
Tokyo, Japan; Table 2) on another computer system. The linear, angular, 
and area measurements were estimated to the nearest 0.1 mm, 0.1°, and 0.1 
mm2, respectively. 
 
Statistical analysis 
 
Statistical analyses were performed with a commercially available 
statistical package (SPSS Ver. 17). Means and SDs were calculated for 
each maxillary sinus measurement in each sex and in each skeletal 
malocclusion group. Two-way ANOVA was used to test the main effects 
of sex and skeletal malocclusion group on maxillary sinus size.  
  The two-way ANOVA results indicated no significant differences in any 
maxillary sinus measurement between sexes or among skeletal 
malocclusion classes, and no significant interactions between the two 
variables (Tables 3 and 4). Therefore, all subjects were merged for the rest 
of analyses. Pearson's correlation analysis was used to investigate the 
relationships between maxillary sinus measurements and craniofacial 
morphological 
measurements. 
 
Measurement error 
 
To assess intraexaminer reliability, 30 randomly selected cephalograms 
were retraced and remeasured by the same examiner (R.A.) after an interval 
of 6 months. Student’s t test with a 95% confidence interval did not reveal 
any systematic errors. Method error, calculated according to the Dahlberg 
formula,
17
 did not exceed ±0.5°, ±0.5 mm, or ±18.5 mm
2
, which was 
deemed acceptable in this study. To assess interexaminer reliability, a 
different examiner (H.K.) retraced and remeasured the same selected 
cephalograms. Again, Student’s t test did not reveal any systematic errors. 
Method error did not exceed ±0.6°, ±0.5 mm or ±20.3 mm
2
, which was also 
deemed acceptable in this study.  
 
Results 
 
Maxillary sinus measurements 
 
The results of the maxillary sinus measurements are shown in Table 3. The 
mean maxillary sinus lengths (MSLs) of skeletal class I, II, and III 
malocclusion groups were 44.9, 46.2, and 45.0 mm for males, and 45.0, 
44.8, and 44.8 mm for females, respectively. The mean maxillary sinus 
heights (MSHs) of the skeletal I class I, II, and III malocclusion groups 
were 46.1, 45.7, and 47.2 mm for males, and 44.9, 45.1, and 44.9 mm for 
females, respectively. 
  With respect to mean total and upper maxillary sinus areas (TMSA and 
UMSA, respectively), in boys, the skeletal class II group had the highest 
values (1546.3 and 1414.1 mm
2
), followed by the skeletal class III group 
(1535.2 and 1398.7 mm
2
) and the skeletal class I group (1524.2 and 1379.9 
mm
2
), whereas in girls, the skeletal class III group was first (1483.1 and 
1346.7 mm
2
), followed by the skeletal class I group (1476.0 and 1334.3 
mm
2
) and the skeletal class II group (1456.8 and 1316.2 mm
2
). The mean 
lower maxillary sinus areas of the skeletal class I, II, and III groups were 
respectively 144.3, 132.2, and 136.5 mm
2
 in boys, and  
respectively 131.8, 140.6, and 136.4 mm
2
 in girls, respectively.  
  Two-way ANOVA also showed no significant differences in MSL, MSH, 
TMSA, UMSA or LMSA among skeletal malocclusion types or between 
sexes and no significant interactions between the two variables (Table 4). 
 
Dentofacial morphological measurements 
 
The results of the dentofacial morphological measurements and their 
statistical analyses are shown in Table 5. None of the dentofacial 
morphological measurements showed any significant interaction of skeletal 
malocclusion class or sex with maxillary sinus size, as confirmed by 
two-way ANOVA. 
  Two-way ANOVA showed no significant differences in the anterior, 
posterior, or overall cranial base lengths (S-N, S-Ar, N-Ar) or in the upper 
anterior and posterior facial heights (UAFH, UPFH, respectively) among 
skeletal malocclusion classes, but the differences between the sexes were 
significant. In contrast, two-way ANOVA also showed significant 
differences in maxillary length (ANS-PNS) and in the distances from the 
maxillary incisor edge to the anterior nasal spine and from the molare to 
the palatal plane (U1-ANS, Mo-PP) among skeletal malocclusion classes 
and between the sexes. The Scheffe post hoc test showed that the 
ANS-PNS and U1-ANS dimensions were significantly larger in the skeletal 
class I and II malocclusion groups than in the skeletal class III group; the 
Mo-PP dimension was significantly larger in the skeletal class III group 
than in the skeletal class II group. Two-way ANOVA also showed 
significant differences in the prognathism of maxillary and mandibular 
alveolar bones (S-N-A, S-N-B) and in the sagittal jaw relationship angle 
(A-N-B) among skeletal malocclusion types, but not between the sexes. 
The Scheffe post hoc test also showed that the S-N-A angle was 
significantly larger in the skeletal class II group than in the skeletal class III 
group; the S-N-B angle was significantly larger in the skeletal class III 
group than in the skeletal class I and II groups, and the skeletal class I 
group had a significantly larger S-N-B angle than the skeletal class II 
group; the A-N-B angle was significantly larger in the skeletal class II 
group than in skeletal class I and III groups, and the skeletal class I group 
had a significantly larger A-N-B angle than the skeletal class III group. 
Two-way ANOVA showed no significant differences in the palatal plane 
angle (PP-SN) among skeletal malocclusion classes or between the sexes. 
 
Correlation analysis 
 
The results of Pearson's correlation analysis between maxillary sinus 
measurements and dentofacial morphological measurements for the 
combined subjects are shown in Table 6. MSL, MSH, TMSA, and UMSA 
showed significant positive correlations with the S-N, N-Ar, ANS-PNS, 
U1-ANS, and Mo-PP dimensions and with UAFH. Moreover, MSH, 
TMSA, and UMSA showed significantly positive correlations with the 
S-Ar dimension and UAFH, whereas TMSA and UMSA were significantly 
negatively correlated with the PP-SN angle. LMSA showed significantly 
positive correlations with the ANS-PNS, U1-ANS, and Mo-PP dimensions. 
None of the maxillary sinus size measurements showed any significant 
correlation with the S-N-A, S-N-B, or A-N-B angles. 
 
Discussion 
 
The most strikingly important findings in this study are that the maxillary 
sinus size showed no significant differences between sexes or among 
malocclusion classes, as evidenced by the two-way ANOVA results. Some 
of these findings are consistent with those of Oktay,
10
 who investigated the 
maxillary sinus areas on orthopantomographs of subjects with ideal 
occlusion and of others with different angle malocclusions. Oktay
10
 found 
that neither malocclusions nor sex had any effect on the maxillary sinus 
size by two-way ANOVA. Oktay
10
 also reported a significant interaction 
between malocclusion class and sex in the magnitude of maxillary sinus 
size. This observation is different from ours. In Oktay's study,
10 Duncan’s 
multiple comparison test showed that females with class II malocclusion 
had larger maxillary sinuses than females with ideal occlusion or class I 
malocclusion or males with class II or class III malocclusions. His different 
results from ours may be explained by the fact that the maxillary sinus size 
is age-specific, as shown by several lines of evidence.
1,5,9,13
 Oktay
10
 
selected 189 subjects with a wide age range from 6 to 30 years, whereas 
our subjects, male or female, were selected from patients with almost the 
same age range; thus, we found no significant differences in sinus size, as 
confirmed by two-way ANOVA. However, the orthopantomographs used 
by Oktay
10
 apparently showed particularly distorted views for maxillary 
sinus assessment, whereas the cephalograms used in our study were 
considerably more accurate for sinus size determination. 
  Some other studies have reported no statistically significant differences 
in maxillary sinus size between the sexes, as confirmed by this study.
9,10,18
 
However, other studies have maintained that there is sexual dimorphism, 
based on findings of a larger maxillary sinus inmales than in females.
1,5,19
 
  Our results showed no significant differences in the S-N, S-Ar, and N-Ar 
dimensions among the skeletal malocclusion groups. These findings are 
inconsistent with those of Hopkin et al.
20
 and Dibbets,
21
 who reported that 
the cranial base dimensions tend to be smaller in patients with class III 
malocclusion and larger in those with class II malocclusion, compared with 
either subjects with normal occlusion or class I malocclusion. The skeletal 
class I and II malocclusion groups had a significantly larger ANS-PNS 
dimension than the skeletal class III group in this study, which can be 
explained by the fact that maxillary length is increased almost completely 
by the apposition of bone to the area of maxillary tuberosity, causing the 
entire maxilla to move forward.
22,23
 Our findings that the S-N-A and A-N-B 
angles tended to be larger in the skeletal class II malocclusion group and 
the S-N-B angle tended to be larger in the skeletal class III malocclusion 
group were only to be expected, given that our sample selection was based 
on the A-N-B angle. Our results showed that the U1-ANS dimension was 
significantly larger in the skeletal class I and II groups than in the skeletal 
class III group, and the Mo-PP dimension was significantly larger in the 
skeletal class III group than the skeletal class II group. Some of our results 
are consistent with those by Janson et al.,
24
 who showed no significant 
difference in upper anterior and posterior dental heights between skeletal 
class I and skeletal class II malocclusions, but contradict the findings of 
Harvold,
25
 who proposed that increased eruption of maxillary molars 
contributed to the development of the class II molar relationship.  
  Our results showed that several dentofacial morphological measurements 
showed significant positive correlations with the maxillary sinus 
measurements. These findings suggest that there is a strong tendency for 
the dentofacial morphology to be larger when the maxillary sinus is larger. 
Koppe et al.
12
 showed that the maxillary sinus volume was significantly 
positively correlated with external measurements of the facial skeleton, as 
confirmed in this study, although they made only three measurements, 
facial length, bimaxillary width, and palatal length.  
  In this study, the S-N-A, S-N-B, and A-N-B angles were not 
significantly correlated with any maxillary sinus size, thus suggesting that 
anteroposterior deviation of maxillary and mandibular alveolar bones had 
no effects on maxillary sinus size, although the A-N-B angle is one of the 
criteria for the classification of our subjects. 
  Our correlation analysis results between TMSA and UMSA and the 
PP-SN angle revealed a tendency for steeper palatal planes to be associated 
with smaller total and upper maxillary sinus areas. The maxillary sinus in 
adults appears to be triangular, with its base at the lateral nasal wall and its 
apex projecting into the zygomatic process. The maxillary sinus floor 
extends anteriorly to the first premolar or canine region and posteriorly to 
the region posterior to the roots of the third molar.
2
 The floor of the 
maxillary sinus develops up to 4 to 5 mm below the palatal plane in dentate 
adults.3 The deficient development of the whole maxillary sinus in this 
study may extend to the posterior limit of its floor. This limitation of 
inferior development of the maxillary sinus may arrest the descent of the 
posterior nasal spine, thus producing the steep palatal plane.  
  The maxillary sinus and dentofacial morphological measurements in this 
study revealed  
no significant association between maxillary sinus size and the sagittal 
skeletal jaw  
relationship, but subjects with larger cranial bases and nasomaxillary 
complexes tended to  
have larger maxillary sinuses. This tendency may be explained by the fact 
that the  
maxillary sinus, located in the body of maxilla, is the largest of the four 
paranasal sinuses
1,2
  
and contributes to midfacial growth and appearance.
6,26
 Alberti
6
 reported 
that a small,  
narrow maxillary sinus with a concave anterior wall gives rise to a dishface, 
and that a  
large maxillary sinus with a convex anterior wall gives rise to a rounded 
face.  
  Linear, area, and volume measurements on CT images and MRI scans 
have been made by many otolaryngologists to reveal the effect of aging on 
maxillary sinus size and the association between maxillary sinus size and 
sinusitis in cleft patients.
1,5,9,11,12,14
 No studies regarding the cephalometric 
evaluation of the relationships between maxillary sinus size and 
malocclusions were found in a PubMed search. Lateral cephalograms 
permit total visualization of the maxillary sinus, although cephalograms are 
limited in availability because of their two-dimensional orientation.
13
 
Maxillary sinus morphology and dentofacial morphology can be analyzed 
on lateral cephalograms at the same time, but it is not always possible to 
observe and measure maxillary sinuses on CT images and MRI scans in 
dental clinics. The drawbacks of the lateral cephalograms used in this study 
are that the images may be different from the actual size, and that the image 
boundaries of the maxillary sinus are superimposed over adjacent 
structures in the deep regions of nasomaxillary complex and cannot be 
determined precisely.
5
 Moreover, lateral cephalograms cannot be used to 
determine the transverse dimension of the maxillary sinus. The use of 
three-dimensional(3-D) cone beam computed tomography (CBCT), which 
was developed in the late 1990s, is a potential solution to these problems, 
but it is not routinely used in the orthodontic treatment.
27
 Some 
time-consuming and costly steps are still necessary to apply the 3-D CBCT 
to the orthodontic patients. Therefore, when the inferior wall of the 
maxillary sinus is recognized to be close to the roots of posterior teeth on 
lateral cephalograms, the 3-D CBCT might be used for orthodontic 
treatment.  
  The findings of the present study may be useful when formulating 
treatment plans for various skeletal malocclusions and when applying 
orthodontic mini-implants for stable bony anchorage.
7
 However, in some 
orthodontic patients, the inferior wall of the maxillary sinus invades the 
interalveolar septum around the posterior teeth and separates their roots in 
the separated maxillary bone on panoramic radiographs.
8
 In addition, 
irregularities in the inferior wall of the maxillary sinus caused by projecting 
roots are observed on the CT images.
4
 Further research is needed regarding 
the relationship between the inferior wall of the maxillary sinus and the 
roots of the maxillary posterior teeth in these patients.  
  In summary, we found no significant association between maxillary 
sinus size and the sagittal skeletal jaw relationship in patients from 12 to 16 
years old, but those patients with larger cranial bases and nasomaxillary 
complexes tended to have larger maxillary sinuses. 
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Fig. 1. Reference points and maxillary sinus measurements 
Group Mean SD Mean SD
Class 1 14y9mo 1y2mo 14y4mo 1y6mo
Class 2 14y3mo 1y5mo 14y2mo 1y3mo
Class 3 14y5mo 1y7mo 14y10mo 1y2mo
Table 1. Ages of males and females in each malocclusion group
Male Female
SD indicates standard deviation.
Definition
Reference points
N Nasion, Intersection of internasal suture with nasofrontal suture in midsagittal plane 
S Sella turcica, Midpoint of sella turcica
Ar Articulare, Point of intersection of dorsal contours of mandibular process and temporal bone
ANS Anterior nasal spine, Tip of anterior nasal spine seen from norma lateralis
PNS Posterior nasal spine, Tip of posterior spine of palatine bone in hard palate
A Point A, Deepest midline point on premaxilla between anterior nasal spine and prosthion
U1 Upper 1, Midpoint on incisor edge of most labially positiond maxillary central incisor
B Point B, Most posterior point in concavity between infradentale and pogonion
Mo Molare, Midpoint on occlusal contact between first molars
Or Orbitale, Lowest point on lower margin of bony orbit
Pr Porion, Midpoint on upper edge of porus acusticus externus
An Point An, Most anterior point of maxillary sinus
An' Point An', Point projected vertically from An to the x-axis
Po Point Po, Most posterior point of maxillary sinus
Po' Point Po', Point projected vertically from Po to the x-axis
Su Point Su, Most superior point of maxillary sinus
Su' Point Su', Point projected vertically from Su to the y-axis
In Point In, Most inferior point of maxillary sinus
In' Point In', Point projected vertically from In to the y-axis
MSL (mm) Maxillary sinus length, Distance between An’ and Po’
MSH (mm) Maxillary sinus height, Distance between Su’ and In’
TMSA (mm
2
) Total maxillary sinus area, Area outlined by maxillary sinus surface
UMSA (mm
2
) Upper maxillary sinus area, Upper area of maxillary sinus from palatal  
 plane (constructed from ANS to PNS) 
LMSA (mm
2
) Lower maxillary sinus area, Lower area of maxillary sinus from palatal plane 
S-N(mm) Anterior cranial base length, Diatance from S to N 
S-Ar(mm) Posterior cranial base length, Distance from S to Ar 
N-Ar(mm) Overall cranial base length, Distance from N to Ar 
ANS-PNS(mm) Maxillary length, Distance from ANS to PNS 
S-N-A（°） Prognathism of maxillary alveolar bone, SN to NA angle 
S-N-B（°） Prognathism of the mandibular alveolar bone, SN to NB angle 
A-N-B（°） Sagittal jaw relationship angle, NA to NB angle 
PP-SN（°） Palatal plane angle, Palatal plane to SN angle 
U1-ANS(mm) Distance from maxillary incisor edge to anterior nasal spine
Mo-PP(mm) Distance from molare to palatal plane
UAFH(mm) Upper anterior facial height, Vertical distance from N to ANS 
UPFH(mm) Upper posterior facial height, Vertical distance from S to Ar 
Table 2. Definition of reference points and measurements used   
Measurements
MeasurementGroup Mean SD Range Mean SD Range
MSL (mm) Class 1 44.9 2.5 39.0-50.2 45.0 2.4 39.5-49.0
Class 2 46.2 2.8 41.0-51.2 44.8 2.3 41.0-49.0
Class 3 45.0 2.9 40.5-50.2 44.8 2.5 40.0-50.5
MSH (mm) Class 1 46.1 5.4 35.2-56.0 44.9 4.7 36.8-56.0
Class 2 45.7 6.1 33.0-56.3 45.1 4.1 38.0-55.3
Class 3 47.2 4.8 40.2-58.5 44.9 3.2 38.8-50.0
TMSA (mm
2
)Class 1 1524.2 281.1 917.7-2009.4 1476.0 177.4 1083.5-1860.7
Class 2 1546.3 277.3 987.2-1969.3 1456.8 184.5 1193.3-1934.9
Class 3 1535.2 222.8 1120.6-2040.6 1483.1 173.7 1193.0-1877.2
UMSA (mm
2
)Class 1 1379.9 221.8 908.5-1894.4 1344.3 113.8 1077.0-1519.2
Class 2 1414.1 227.9 987.2-1861.8 1316.2 132.2 1140.9-1509.8
Class 3 1398.7 166.9 1111.3-1706.0 1346.7 131.2 1163.8-1606.8
LMSA (mm
2
)Class 1 144.3 103.4 8.5-334.3 131.8 84.6 6.5-341.5
Class 2 132.2 84.9 0-315.8 140.6 97.2 50.0-425.1
Class 3 136.5 105.0 9.3-342.3 136.4 67.5 9.7-292.4
SD indicates standard deviation.
Male Female
Table 3. Result of maxillary sinus measurements

Measurement Source Sum of squares df Mean square F p value
MSL (mm) Skeletal types 8.85 2 4.42 0.66 0.52
Sexes 7.01 1 7.01 1.05 0.31
Interaction 11.04 2 5.52 0.82 0.44
Error 763.99 114 6.70
MSH (mm) Skeletal types 10.71 2 5.36 0.23 0.79
Sexes 56.86 1 56.86 2.47 0.12
Interaction 13.76 2 6.88 0.30 0.74
Error 2623.58 114 23.01
TMSA (mm
2
)Skeletal types 1872.35 2 936.17 0.02 0.98
Sexes 120045.34 1 120045.34 2.39 0.13
Interaction 10411.09 2 5205.55 0.10 0.90
Error 5.72 114 50205.69
UMSA (mm
2
)Skeletal types 2365.99 2 1182.99 0.40 0.96
Sexes 114794.84 1 114794.84 3.90 0.05
Interaction 20873.36 2 10436.68 0.35 0.70
Error 3.36 114 29442.47
LMSA (mm
2
)Skeletal types 68.28 2 34.14 0.00 1.00
Sexes 58.70 1 58.70 0.01 0.93
Interaction 2232.84 2 1116.42 0.13 0.88
Error 951662.83 114 8347.92
Table 4. Two-way ANOVA of maxillary sinus size 
Two-way ANOVA
Measurement Group Mean SD Mean SD Source p value Significant comparison
S-N (mm) Class 1 70.4 4.5 68.4 3.7 Skeletal types 0.94
Class 2 70.9 2.7 67.5 3.3 Sexes <0.001 Male>Female
Class 3 70.6 3.7 67.7 2.7 Interaction 0.67
S-Ar (mm) Class 1 39.4 2.9 36.4 3.5 Skeletal types 0.07
Class 2 39.9 4.4 36.3 3.0 Sexes <0.001 Male>Female
Class 3 39.0 3.1 33.9 3.7 Interaction 0.36
N-Ar (mm) Class 1 98.8 4.5 95.5 5.1 Skeletal types 0.13
Class 2 99.9 4.7 93.1 3.8 Sexes <0.001 Male>Female
Class 3 98.7 4.9 91.6 4.0 Interaction 0.12
ANS-PNS (mm) Class 1 53.4 3.9 52.0 2.8 Skeletal types <0.05  1 >3,  2>3
Class 2 53.3 3.9 52.1 2.2 Sexes <0.05 Male>Female
Class 3 51.5 3.8 50.1 3.2 Interaction 0.98
S-N-A (°) Class 1 81.4 3.0 79.9 2.5 Skeletal types <0.05  2>3
Class 2 81.8 3.9 83.0 2.8 Sexes 0.87
Class 3 80.3 4.2 80.4 2.7 Interaction 0.17
S-N-B (°) Class 1 77.9 3.3 76.8 2.4 Skeletal types <0.001 1>2, 3>1, 3>2
Class 2 74.8 3.8 76.1 3.2 Sexes 0.61
Class 3 81.6 4.0 82.4 3.0 Interaction 0.21
A-N-B  (°) Class 1 3.5 1.5 3.1 1.0 Skeletal types <0.001 1>3, 2>1, 2>3
Class 2 7.0 1.2 6.9 1.6 Sexes 0.16
Class 3 -1.3 1.7 -2.0 2.1 Interaction 0.70
PP-SN (°) Class 1 10.1 2.7 10.8 3.2 Skeletal types 0.16
Class 2 9.5 2.6 8.9 2.8 Sexes 0.42
Class 3 9.5 3.5 10.8 3.9 Interaction 0.41
U1-ANS (mm) Class 1 30.9 2.5 30.6 1.9 Skeletal types <0.01 1>3, 2>3
Class 2 32.8 2.9 30.3 2.7 Sexes <0.05 Male>Female
Class 3 29.7 3.2 28.9 2.7 Interaction 0.16
Mo-PP (mm) Class 1 24.9 2.1 24.7 2.1 Skeletal types <0.05 3>2
Class 2 24.6 2.3 22.6 2.3 Sexes <0.05 Male>Female
Class 3 25.2 3.5 24.7 1.4 Interaction 0.21
UAFH (mm) Class 1 59.6 3.4 57.9 3.4 Skeletal types 0.80
Class 2 60.0 1.9 56.6 2.3 Sexes <0.001 Male>Female
Class 3 60.3 2.8 56.8 2.2 Interaction 0.25
UPFH (mm) Class 1 35.0 3.2 32.1 3.4 Skeletal types 0.20
Class 2 35.5 3.9 32.5 2.8 Sexes <0.001 Male>Female
Class 3 34.8 3.1 30.6 3.1 Interaction 0.59
Vertical dimension
Maxilla and Mandible
Cranial base
Incisor and Molar
Two-way ANOVA and Scheffe
Table 5. Results of dentofacial morphological measurements and statistical analyses 
Male Female
Cranial base
S-N (mm) 0.420
***
0.197
*
0.320
***
0.359
***
0.106
S-Ar (mm) 0.124 0.224
*
0.236
**
0.242
**
0.120
N-Ar (mm) 0.367
***
0.204
*
0.314
***
0.334
***
0.137
Maxilla and Mandible
ANS-PNS (mm) 0.435
***
0.298
***
0.430
***
0.398
***
0.304
***
S-N-A (degree) 0.071 0.120 0.131 0.117 0.101
S-N-B (degree) -0.085 0.100 0.053 0.044 0.047
A-N-B (degree) 0.157 -0.007 0.054 0.051 0.036
PP-SN (degree) -0.165 -0.163 -0.202
*
-0.228
*
-0.066
Incisor and Molar
U1-ANS (mm) 0.277
**
0.379
***
0.412
***
0.361
***
0.329
***
Mo-PP (mm) 0.193
*
0.466
***
0.440
***
0.311
***
0.495
***
Vertical dimension
UAFH (mm) 0.293
**
0.344
***
0.380
***
0.458
***
0.064
UPFH (mm) 0.104 0.248
**
0.248
**
0.264
**
0.110
LMSA
*
P<.05; 
**
P<.01; 
***
P<.001
Table 6. Pearson's correlation coefficients among the measurements for the merged subjects
MSL MSH TMSA UMSA
